association with arthritidess.ts and polymyalgia rheumatica-") and not only the inflammatory process associated with trauma either accidental or surgical. Fractures of the bones of the wrists are commonly associated with RSD.18, 19 In one series almost half the patients had increased tenderness and reduced mobility associated with vasomotor changes nine weeks after the incident. These findings were independent of the severity of the injury, age and sex, the number of reductions, or the adequacy of reduction. Others-? have observed features of RSD in 26% of cases ten years after injury and correlated these findings with poor finger movements three months after the injury.
Chronic undiagnosed knee pain with few clinical signs beyond hyperaesthesia and limited movement may suggest RSD.21-24 RSD following a lateral release or arthroscopic exploration of the knee appears to be, fortunately, rare since it may terminate an otherwise promising career in athletics.
The association with myocardial infarc-tion7,13,2s,26 and malignancy7,27-3o is also well recognized. Comparing the usual manifestations of the shoulder-hand syndrome with the severe and often rapidly progressive palmar fasciitis and arthritis associated with malignant neoplasms, Pfinsgraff et a/. 31 consider this may represent a uniquely severe variant of RSD and noted improvement following the response of the tumour to chemotherapy. Clearly, in the appropriate clinical setting, malignancy should be considered, particularly in the older age groups and when RSD occurs inappropriately.P Central nervous system disease may be associated with RSD, especially when the sympathetic system is likely to be involved. These diseases include brain tumours, severe head injury, cerebral infarction, subarachnoid haemorrhage and injury to the cervical cord; rarely syringomyelia, amyotrophic lateral sclerosis and s':lb.ac~te combined degeneration may be the precipratmg factor.
The association with shingles 33,34 is well recognized. Postherpetic pain may well be a variant of, or precede, RSD. Again, this is rare, as is RSD of the penis following transurethral resection of the prostate.P
Epidemiology
In th~few epidemiological studies only cigarette smoking's has emerged as a significant associated factor.. An association with AIDS,37 pseudo-KapOSI sarcomas' and spirochaetal infection-? has also been documented but is likely to be no more than chance. No age is exempt and sex differences do not emerge except in children,4D-SO when there appears to be a preponderance in pubescent females. 44,s1 The clinical presentation differs in no way fro"?, a~ults though some authors suggest a more satisfying resolution with conservative measures,52-SS while others disagree.s6,s7 Considering. the frequency of surgery to the limbs and accidental trauma, it is perhaps surprising that RSD is not only rare, but that recurrence is also uncommon. Migratory forms 58 are also described but appear infrequent. Bilateral disease has ?een reported in association with incomplete cervical myelopathy presenting as central cord syndromes? and in the legs after operation on the lumbar spine. 60 Familial cases and a hereditary predisposition have not been described.
Diagn08i8
dopting.~li.nical criteria the following operational definition of RSD was adopted at the Sixth World Congress of Pain. 61 RSD is a descriptive term meaning a complex disorder or group of disorders that may develop a~a consl:9uence of trauma affecting the limbs, WIth or WIthout an obvious nerve lesion. RSD may also develop after visceral diseases, and central. nervous system lesions or, rarely, without an ObVlOUS antecedent event. It consists of pain and related sensory abnormalities in the motor system and changes in structure of both superficial and deep tissues ('trophic changes'). It is not necessary that all components are present. It is agreed that the name 'reflex sympathetic dystrophy' is used in a descriptive sense and does not imply specific underlying mechanisms.
It is perhaps difficult for those working in special clinics with an interest in pain syndromes to appreciate that RSD is uncommon. Some doctors may only see a few cases in a clinical lifetime. Others are particularly exposed to the possibility; for example, those working in busy orthopaedic clinics where limb pain, expressed subjectively in a variety of ways, is so frequent that they may fail to be alerted to the early signs of RSD.
The patient who presents protecting an unused, painful and swollen arm or leg, or perhaps, considering the original injury, inappropriately using a crutch, should not be a problem in triggering a possible diagnosis of RSD. Persistent pain beyond the expected time and out of proportion to the clinical signs, especially when associated with hyperaesthesia making examination difficult (the examining hand is often pushed away), should alert the medical attendant. Undoubtedly many patients will present in this way whose symptom resolution takes a little longer than usual and may never go on to present the full-blown syndrome. In those who do, the pain usually occurs as a continuum. However, some may appear to resolve (this is hard to tell since minor discomfort may be ignored or forgotten) only to recur weeks, or occasionally months, later. Soon there are signs of vasomotor and sudomotor abnormality. The affected hand and perhaps the lower forearm or the foot and lower leg becomes warmer than the contralateral side, swollen with a dusky cyanosis which is often more evident on dependency. Hyperhydrosis may be prominent in some cases but is not invariably present. Increased nail and hair growth has also been described. 62 Miller and De Takatsw were first to describe and measure, using water plethysmography, the early vasodilation of RSD.3,64 This may last for weeks or months and is followed by vasoconstriction which may be so intense that fibrosis and atrophy with attendant contracture follow.
Attempts to stage the diseases-are useful only in describing the sequence of possible events, but not in any sense of time. For example, it may be that the warm vasodilatory stage may be so transient as not to be observed, the limb being apparently cold from the onset; conversely, vasodilation may last for months or rarely years. Atrophy may never occur. It is important to appreciate that clinical signs may be minimal in the presence of the characteristic pain. Indeed it is tempting to suppose that they are more often evident in thermoregulatory areas such as the hand in contrast to non thermoregulatory areas such as the knee joint. 24 Hyperaesthesia is a constant feature. The slightest touch may cause exquisite pain.
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Palpation is often resisted by the patient detracting the limb or making a protective gesture. Similarly, joint movement elicits pain so that the upper limb is often held in some form of support and weight bearing on the lower limb is avoided by use of a stick or crutch. Two special forms of hyperaesthesia are recognized and are typical of the disease. When present they are near pathnognomonic. However, in 'partial' forms of RSD, which are becoming increasingly recognized, they may be less apparent. Hyperpathia is the persistence of pain after the stimulus has been removed, and mechanical allodynia is pain elicited by stimuli that would not normally be painful, for example stroking the skin. In a study of the painful consequences of nerve injury, Campbell et al.? indicate that hyperalgesia consists of two elements, a decrease in pain threshold and increased pain to suprathreshold stimuli. They indicate also the explosive nature of hyperpathetic pain, the duration of the pain far outlasting the duration of the stimulus.
The character of the pain and the associated vascular and neurological changes suggest that transient osteoporosis of the hip,65 which Occurs in otherwise fit middle-aged males 66 and may complicate the third trimester of pregnancy or the puerperium,67.68may be a special form of RSD.69
Aidsto diagnosis
It has long been suggested that the pain relief achieved by sympathetic blockade7~73 should be the main criterion used to confirm the diagnosis. 74,75 Certainly it has been shown that individuals in whom pain may be transiently relieved by a-adrenocep!or blockade with the short-acting drug phentolaminets-ze are more likely to respond avourably to subsequent sympatheticolysis with mtravenous regional guanethidine. Such an appr<?ach has been criticized by Blumbergr? as focusmg on only one element of the disease _ the symp~thetically mediated pain -neglecting th~question of h.ow patients with spontaneous pam should be diagnosed. In a series of early cases he proposes a diagnosis index of autonomic motor and sensory disturbance.
'~p lain X-ray ( Figure 1 ) and bone scanning (scintillography) ( Figure 2 ) using phosphatelabelled te~hnetium-99m5.8~86 have long been used. Typically the X-ray shows osteopenia with subperiosteal bone resorption with striation and cortical tunnelling with large excavations of the endosteal surface indicative of increased bone turnover. These findings are nonspecific and occur in other conditions such as hyperparathyroidism, either primary or secondary, or thyrotoxicosis. However, unilaterality is of assistance while, conversely, postmenopausal osteoporosis, common in cases of Colles' fracture, may make certainty impossible. Positive findings on bone scanning ( Figure 2 ) are an increased blood pool early in the examination and later increased periarticular uptake of the isotope. The specificity of X-ray is 71% with a sensitivity of 69% while the specificity of scintigraphy is 86% with a sensitivity of 60%.81
Dolorimetry may be useful in both diagnosis and serial assessment. Comparing 12 affected patients following Colles' fracture with ageand sex-matched controls, Atkins and Kaniss? observed that RSD was associated with a significant increase in tenderness of the finger joints and bone. They quantified tenderness of the whole hand by summing the dolorimetry reading at each site within the hand, and achieved a dolorimeter ratio comparing the summed readings from both han~s. The~atio has been found to be reproducible and mdependent of external variables. In the early eighties the late Glick 88 interested Bowcock, who was then researching Raynaud's phenomenonww and allied conditions in our laboratory, in the temperature and vascular changes associated with RSD. Then, as now, one of the tests used was mild cold stress (20°C for one minute) with determination of the direct and contralateral responses. Using this manoeuvre in no~a~subjects the fall in temperature and vasoconstnction 10 the cold stressed limb is mirrored by similar changes of a lesser degree in the unstressed contralateral limb. In RSD, stressing the contralateral limb is associated with either no response i~the affected limb or, more frequently, a paradoxical response with vasodilation and a rise in lim.b temperature. This phenomenon is not seen 10 the upper limb of patients with chronic limb pain for other reasons.v! Bej and Sch~artzman have observed similar changes following cold stress and when applying the Valsalva manoeuvre.w By extending our studies to include vasomotion at rest and following mild cold stress, it. ?as been found t~at this activity is also sigrnficantly abnormal 10 RSD93 (Figure 3 ). The specificity and sensitivity of these findings are being tested. However, in clinical practice they have proven useful. Negative findings indicate an alternative diagnosis while positive findings have been followed by a satisfactory response to therapy. In our practice these tests have proved extremely useful in children where other variables, mainly psychological, may have to be considered and in the knee when persistent pain has defied, often repeated, orthopaedic manoeuvres. It is important to indicate, however, that temperature and blood flow measurements are not simple ward outpatient tests but require the facilities of a vascular laboratory where temperature and humidity can be accurately controlled. They are performed after the patient has equilibrated in a 'neutral' ambient, usually 24 ± l°C, relative humdity 40 ± 10%, for a suitable time, 10-15 minutes, in tranquil surroundings, with external stimuli (e.g. talking to the patient), which may in themselves produce a vascular response, reduced to a minimum. 89 ,90,93 Interestingly, we have recently shown that normalization of limb temperature and microvascular flow following sympathetic blockade with relief of pain becomes abnormal again when pain returns (unpublished data).
Other investigatorsv' have used infrared thermography and laser Doppler flowmetry to detect the onset of sympathetic blockade in patients
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under anaesthesia or during conscious sedation; while others'" recommend thermography for early detection.
The differential diagnosis is from other causes of chronic limb pain. The preceding history of trauma, however minor, the association with other diseases such as myocardial infarction or central nervous system disease, the presence of vasomotor changes remembering that these may be minor, the failure of therapeutic measures if other diagnoses are entertained, should all arouse suspicion.
Psychological considerations
Chronic pain, particularly if the diagnosis is in doubt, almost inevitably leads to the suspicion of a psychological abnormality. Indeed some clinics include a psychological profile in their clinical work-up. RSD patients are not immune from this suspicion augmented by the obvious state of anxiety and overprotection of the affected limb which is often integral to the clinical presentation. Hysteria or malingering, particularly when compensation is sought, may also be suspected but is uncommon. However, we have been involved in a case when the surreptious application of a tourniquet to the leg below the knee over a period of months produced changes to the foot and lower leg that mimicked the abnormalities of RSD closely. Munchausen's syndrome with clinical, radiological and scintigraphic features indistinguishable from RSD has been previously descirbed.?"
The relationship between pain and depression?" and coping with chronic pain 98 has been recently reviewed. Almost all patients with RSD, relieved of their pain, reveal themselves as normal wellintegrated personalities.
Treatment
There is no specific treatment for RSD. Cure in RSD can not be assured. Indeed the variety of therapies for which success is claimed may be simply a reflection of our ignorance of pathogenesis; or simply reflect the vascular and perhaps neurological changes which occur during the natural history of the disease when at a particular stage one therapy may be more appropriate than another. For example, calcitonin, a vasoconstrictor, may be more appropriate in the early stages of vasodilatation and contraindicated later when vasoconstriction predominates.P?
In such circumstances it is important that the medical attendants adopt an attitude if not of optimism then of understanding and perhaps empathy so that the patient appreciates that those respon-
D Baseline
I~I Post-cold stress sible for their care are not only familiar with their problem but will advise all reasonable measures to obtain resolution.
Early diagnosis does not ensure success of the~apy but makes it more likely.100,101 The m~mstay~f management is sympatheticolysis uSI~g gangh~n blockade. However, in early cases active exercise may be all that is required,l02,103 This may be best achieved under the supervision of a physiotherapisres who is familiar with and understands the problem, particularly if some pain relief can be obtained before therapy commences . 104 . 105 Immobilization should be avoided at all costs; there is ample evidence that it exacerbates the problem. 106 . 1 0? Such a happy solution is seldom seen, either because of the reluctance of the patient or because the disease is too far advanced.
Alternative therapies include corticosteroids'P' in high dosage ,lOB transcutaneous nerve stimulati.0I.l,109-111 acupuncture 112.113 and autogenic training.U'' Phenoxybenzamine in early cases115 and p~opranolol116 have also been suggested.
Eisinger et a/. 117 were the first to advocate the us~of parental calcitonin following a doublebhnd tnal; others, mainly in the French literature,118--121 have reported beneficial effects in uncont~olled investigations. Efficacy thus remains unconfirmed. In a double-blind randomized trial using nasal Insutttation as the method of delivery Bickerstaff and Kanis 122 failed to detect any benefit; this, as the authors suggest, may have been due to too low a dosage with a consequen.t low bioavailability. This may have been so, since they detected no analgesic effect using dolorimetry. Equally it is possible that the drug was used inappropriately when vasoconstriction predominated.w Success with calcitonin may be achieved at the price of a negative calcium balance and pain relief may not be long-lasting.123 At present the results using this preparation appear variable and unpredictable. As with a number of recommended therapies further control trials are required to define the place of calcitonin in the treatment of RSD.
Using the Bier block technique Hannington-Kiff1 24 introduced intravenous regional sympathetic ganglionic blockade in 1974 using guanethidine. The principle is to confine the drug, delivered intravenously, to the affected limb using an arterial tourniquet retained for five to ten minutes. During this interval the drug becomes fixed to the tissues where noradrenaline is depleted from sympathetic nerve endings by displacement from storage sites and the prevention of re-uptake.t-t Treatment is usually well tolerated and success is well documented. [126] [127] [128] Clearly release of guanethidine into the general circulation may be associated with profound hypotension and is to be avoided by careful tourniquet release and blood pressure monitoring. The procedure should not be undertaken without full resuscitative facilities being readily available. Unlike paravertebral sympathetic ganglion blockade when, for example, anticoagulant therapy is an absolute contraindication, the manoeuvre may be performed freely. Previously Homans l29 had introduced paravertebral sympathetic ganglion blockade, and this procedure is still used widely with considerable success. I03 , 131 With both methods several treatments may be required, the interval between treatment being dictated by the response. Prolongation of paravertebral sympathetic blockade may be achieved by infusion of local anaesthetic. 132.133 Paravertebral sympathetic ganglionectomy has been recommended for those who achieve only transient or incomplete relief from ganglion blockade and excellent results have been described with prolonged follow_Up. [134] [135] [136] [137] [138] [139] [140] [141] Continuous stellate ganglion blockadel42.143 and injection of the stellate ganglion with sufentanil has recently been shown to decrease pain and improve mobility in refractory cases l44 and interscalene block may be as effective as stellate ganglion block. 145 Intravenous regional bretyllium and lignocaine (lidocaine) has also been found to be successful in patients who obtained temporary relief from stellate ganglion block or lumbar sympathetic block. 146 A further possibility in refractory cases is epidural spinal cord stirnulation.P" The results are variable, pain relief being strictly limited to the area covered by the paraesthesia induced. Careful selection of cases seems clearly indicated.
Other therapies that have proved successful are intravenous regional blockage with a combination of methylprednisolone sodium succinate with lignocaine (lidocaine) in early cases (within three and a half months of the initial insult),148 and ketorolac in refractory cases. 149 Success with intravenous regional therapy with Reflex sympathetic dystrophy 325 ketanserin l50 suggests a role for serotonin (S ) receptors in RSD, while relief obtained froin topical clonidine'<! and capsaicin l52 as adjunctive therapy suggests the possibility of activation of peripheral adrenergic receptors. Similarly venodilatation produced by the application of nitroglycerine may be beneficial. 101
Theories of pathogenesis
S.inc~Livi~g~tone's pr?posal1 53 of reverberating CIrCUIts within the spinal cord to explain the occurrence of RSD, a number of hypotheses have emerged. IS4-158 In the gate controlled theory of pain proposed by Melzack and Wall,159 they state specifically that this must account for the phenomenon of causalgia.
Proposed mechanisms of pathogenesis must account for all the recognized features of RSD,62,160. and eventually be supported by advances 10 management. At present neither is t~e .case nor indeed has any marker emerged to indicate those who may be at particular risk of RSD. It is perhaps of particular interest that, though they do occur, second attacks are rare. The success claimed for o-adrenoceptor blockade using phenoxybenzamine in early cases lends some support to the notion that changes in the regulation and thus behaviour of these receptors may be fundamental. 3
Conclusion
To optimiz~~.e diagnosis and management of RSD, the clinician must bear in mind the following: the com. plaint of persistent limb pain must be taken s~nously, even if the previous trauma has be~n slight, and especially if it is described as burning: not to look for the full-blown clinical picture as many partial cases occur' not to makẽ ssumptions~egarding the premorbid personaltty of a patient who seems overanxious and overprotective of their offending limb; not be assur~d by negative X-rays and isotopic bone scannmg; advise intense active exercise under expert physiotherapeutic supervision on considering the possibility, and be prepared to institute other measures early; use objective measurement if in clinical doubt.
In the context of the number of accidents which occur, the number of surgical operations performed on the limbs, and the high incidence of associated conditions, then RSD is uncommon. Nonetheless, a high index of suspicion may save patients, and their therapists a lot of grief.
